Introduction
Parkinson's disease (PD) is an age-related neurodegenerative disease, characterized by the loss of dopaminergic neurons with cell bodies within the substantia nigra (SN) pars compacta and with axons projecting to the striatum. The neuronal degeneration results in the reduction of tyrosine hydroxylase (TH) and dopamine (DA) in the nigrostriatal (NS) pathway, 1,2 leading to motor dysfunction, including tremor, rigidity and bradykine-sia. 3 About 70%-80% loss of dopaminergic neurons occurred in the pars compacta region of the SN of PD patients, and that is accompanied by intercytoplasmic inclusions known as Lewy's bodies. 63 Acetylcholine neurotransmission 4 is also increased. DA replacement via its precursor, levo-dopa as well as DA agonists are the most effective treatments for PD and are mostly effective during the early stages of the disease; however, long-term therapy has been associated with serious side effects that can be as serious and incapacitating as the symptoms of PD. Since both the symptoms of PD as well as the side effects of PD therapy are devastating, it means that finding interventions that prevent or delay the onset of PD symptoms are valuable endeavors in the effort of reducing the suffering caused by the disorder.
Ninety to 95% of PD cases are unknown and regarded as idiopathic, and 5%-10% of the cases are caused by genetic abnormalities, mostly involving the alpha-synuclein, 5 ubiquitin, 6 and apolipoprotein E 7 genes. Parkin gene mutation, 8 with about eight variants, 9 is associated with juvenile PD. It should be noted that, for both genetic-and idiopathic-derived PD, the PD patients were normal during their early lives. For the genetic-based PD, the predisease time is about 40 years and for the idiopathic variant about 60 years. So, PD is age related, but old people do not develop the disorder as a rule, which is set against the fact that aging is accompanied by progressive reduction of motor functions, that include essential tremor, reduced arm swing, shorter strides, slower reaction time and bradykinesia. This means that, as a general biological rule, during aging the nigrostriatial DA neurons do not deteriorate to the point of causing PD. So, for PD to be expressed in mature and older individuals, as seen for genetic and idiopathic cases, it would suggest that PD patients are predisposed for the disorder. This further suggests that the NS neurons of the PD patients were sensitized or vulnerable, and that the stress of normal aging serves to precipitate the symptoms of PD. The random occurrence of idiopathic PD indicates that the changes that produce the vulnerability are due to chance, and may occur during the morphological changes or "birth" of precursor cells to produce the NS DA neurons, [10] [11] [12] when the neurons are very responsive to toxins and other endogenous interventions. The functional normality that exists before the onset of the PD symptoms suggests that the prenatal sensitization, or the early neuronal insults, occur at subthreshold level, which is easy to comprehend, knowing that about 70% NS neuronal loss occurs before the onset of PD symptoms. For the genetic variant of PD, the gene changes may render the NS DA neurons frail or sensitive to stress and biological changes that occur during development, maturation and aging.
The idea of a sensitization stage and a precipitating stage for PD suggests that there ought to be interventions that can help to maintain healthy basal ganglia or maintain the condition of the neurons at a stage that is subthreshold for the symptoms of genetic and idiopathic PD. Such interventions may depend on finding drugs or other treatments, such as nutritional, exercise and other wellness programs that support the health of the NS neurons and delay neuronal death and the onset of PD. Studies showed that oxidative stress and mitochondrial dysfunction are major events that occur during neuronal death in PD and other neurodegenerative disorders. 13, 14 This may involve the depletion of glutathione in the dopaminergic cells, leading to mitochondrial dysfunction. 15 Accordingly, therapy geared to prevent or to delay the onset and progression of PD could include the modulation of oxidative stress. Phenolic antioxidants, including flavonoids, may help to delay the onset and progression of PD.
Phenolic antioxidants are an extensive group of naturally occurring compounds that are widely distributed in plants as constituents of various fruits, nuts, leaves and other parts. 16, 17 Flavonoids, as examples, are potent antioxidants and freeradical scavengers, with efficacy that may exceed the antioxidant capacity of vitamins C and E. [18] [19] [20] [21] Flavonoids are capable of chelating metal ions, modifying the activity of cellular antioxidants and antioxidant enzymes, such as catalase and GSH. 22 In vitro studies showed that flavonoids have the capability of modulating nitric oxide production, the secretion of tumor necrosis factor alpha and nuclear factor kB dependent gene expression. 23 Flavonoids also have anti-inflammatory properties, inhibiting the activities of lipoxygenase and cycloxygenase. Moreover, flavonoids show very little toxicity, making these agents suitable for long-term utility, serving, eg, to slow down the rate of nigral cell loss. 24 Curcumin falls into the category of flavonoids, and it is utilized as a flavor and for coloring food. So, curcumin may serve as a readily available source of food-related therapy. Curcumin is a naturally occurring yellow pigment isolated from turmeric, produced from the rhizomes of the plant, Curcuma Longa, and found mostly in South Asia. 25, 26 Turmeric has been used in India for centuries as a food preservative and for medicine; eg, for the treatment of human disease associated with injury and inflammation. 27, 28 In the laboratory, studies showed that curcumin protects PC12 cells against 1-methyl-4-phenylpyridinium (MPP + ) neurotoxicity, through anti-apoptotic and antioxidative properties. 29 Curcumin may Research and Reviews in Parkinsonism downloaded from https://www.dovepress.com/ by 54.70.40.11 on 14-Jan-2020 For personal use only.
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curcumin and an antioxidant formulation on MPTP toxicity cross the blood-brain barrier and enter the central nervous system, 30 a property that will support the use of curcumin as a therapeutic agent for neurodegenerative disorders. Curcumin appears to be nontoxic or it possess low toxicity, as doses as high as 12,000 mg have shown very little or no toxic effect. 31 It is of interest also that dozens of biological molecules serve as targets for curcumin, 32 and various ligands have been shown to physically interact with curcumin. 32 These include amyloid protein, 33 ATPase, 34, 35 glutathione, 36 lipoxygenase, 37, 38 microtubulin, 39 nucleic acid 40 and protein kinase A and C. 41 Antioxidants donate an electron to a free radical, converting it to harmless molecule, are regarded as micronutrients and include vitamins, such as vitamins B and D. Each may affect different pathways, by activating nuclear transcription factor that increases antioxidant enzymes by upregulating antioxidant genes via antioxidant response element, and some act via a reactive oxygen species (ROS)-independent mechanism, therefore a combination of antioxidants may offer more in reducing oxidative stress and inflammation.
On that basis, we tested an antioxidant formulation (AOF) obtained from Premier Micronutrient Corporation, Narvato, CA, USA that contains: vitamin A, natural beta carotene, d-alpha tocopheryl acetate and d-alpha tocopheryl succinate (vitamin E), vitamin C, N-acetylcysteine, R-alpha lipoic acid, coenzyme and selenomethionine.
1-Methyl-4-phenyl-1,2,3,6-tetrahydropyramidine (MPTP) has been shown to cause a PD like syndrome in laboratory animals and in humans and its toxicity has been well accepted as a model for PD. 42, 43 The neurotoxin, MPTP, is converted to MPP + by the brain monoamine oxidase B (MAO-B), MPP + is transported into dopaminergic neurons via the DA transporter and it accumulates in the mitochondria, to cause cell death by disrupting respiratory enzymes and inducing oxidative damage. 44 The present study was designed to determine whether curcumin and an AOF counteract the PD-like toxic effects of MPTP in C57BL/6J mice. The study outcomes show that MPTP causes NS, dopaminergic and behavioral changes that are consistent with the well-established MPTP PD model and that curcumin and the AOF ameliorate the toxic effects of MPTP. So the outcomes are indicative of neuroprotective actions for curcumin and for the AOF. Thus, these agents may find utility in protecting the brain from harmful neurotoxic exposures and may slow the progression of PD symptoms. Some cases of idiopathic PD may have a fetal basis, as there is evidence that subtle NS impairments that were induced in the fetus can develop into PD-like changes during the course of aging, 11 thus the practice of eating curcumin may serve as a healthy protector of the NS system.
Materials and methods chemicals
Curcumin (1,7-bis 4hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione) was purchased from Calbiochem, La Jolla, CA. USA. The dosage of curcumin was based on previous trials and other studies, 45 and the levels used show no acute behavioral toxicity. The AOF was obtained from Premier Micronutrient Corporation and contains: vitamin A, natural beta carotene, d-alpha tocopheryl acetate and d-alpha tocopheryl succinate (vitamin E), vitamin C, N-acetylcysteine, R-alpha lipoic acid, coenzyme and selenomethionine. The formulation was designed for human consumption and is commercially available. Polyclonal TH antibody was purchased from Chemicon, San Diego, CA, USA.
experimental design animals
The C57BL/6J male animals were purchased from Jackson Laboratory, Bar Harbor, MN, USA. The animals were about 6 weeks at purchase and allowed to acclimatize in the animal care facility for 5 days. The experimental animals were pretreated with curcumin, antioxidants or vehicle as shown in Table 1 , and which are adaptations from previous studies. 12, 45 MPTP treatment was administered at 30 mg/kg body weight once a day for 7 days. PBS was used as the vehicle for MPTP and to treat the control mice. All medications were injected by the intraperitoneal route. The putative neuro-protectant, curcumin, was given at 25 μg/mouse or 50 μg/mouse, equivalent to 1 mg/kg or 2 mg/kg, and the AOF at 5 mg/kg or 25 mg/kg. Curcumin and the antioxidants were dissolved in PBS containing 0.1% Tween-80. The PBS-Tween-80 was also used for control treatment. The mice were injected every other day for 28 days. For seven more days, the treatments continued but were accompanied with MPTP, administered once a day for the remaining 7 days (Table 1 ). Six animals per group for the six groups were used for the behavioral studies and for the biochemical analysis. Three animals per group for the six groups were used for Western blot determination of TH. Thus, the total (N) animals used was 54 mice.
Seven days after the last injection, the motor activity of the mice were determined. A subgroup was sacrificed by decapitation, their brains dissected and the striatum and midbrains were used for Western blot analysis for TH and for the high performance liquid chromatographic (HPLC) determination of DA and its metabolites, 3,4-dihydroxyphenylacetic acid (DOPAC) and 3-methoxytyramine (3-MT).
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The level of MPTP used for treatment is well known to produce PD-like changes, including poverty of movements, loss of NS DA and TH and NS cell loss. For the study the animals were divided into the following groups: 1) normal negative control mice treated with PBS-0.1% Tween 80; 2) positive control treated with 30 mg MPTP/kg body weight; 3) MPTP + curcumin at 1 mg/kg; 4) MPTP + 2 mg/kg curcumin; 5) MPTP + 25 mg/kg antioxidants; 6) MPTP + 50 mg/ kg antioxidants ( Table 1 ). All procedures were conducted in accordance with the Guide for Care and Use of Laboratory Animals (National Institutes of Health) and were approved by the Institutional Animal Care and Use Committee at Meharry Medical College.
Measurement of locomotor activities
Seven days after the last treatment the mice locomotor activity was assessed in a locomotor activity monitor (Versamax Analyzer, Accusccan Instruments Inc., Columbus, OH, USA), as reported previously. 11 The animals were placed in the activity cage and allowed 3 minutes to acclimatize to the cage environment. Measurements were started and continued for 10 minutes. Motor activities were measured in a quiet isolated room with dim lighting. Movement time (MT), total distance (TD) traveled and the number of movements made (NM) were determined over the 10-minute period. The computer, with software that came with the instrument, records the activities for each animals and the mean and standard error were calculated.
hPLc-electrochemical (ec) determination of Da and its metabolites, DOPac and 3-methoxytyramine (3-MT)
The isolated striatal tissues were homogenized in 750 μL of 0.1 M trichloro-acetic acid (TCA), which contains 10 −2 M sodium acetate, 10 −4 M EDTA and 10.5% methanol (pH 3.8) using a tissue dismembrator (Thermo Fisher Scientific, Waltham, MA, USA). Samples were spun in a microcentrifuge at 10,000 × g for 20 minutes. Samples of the supernatant were then analyzed for DA and its metabolites at the core analytical facility at Vanderbilt University. The detection limit was reported to be 2 pg. DA and its metabolites were determined by specific HPLC assay utilizing an Antec Decade 11 (oxidation: 0.5) electrochemical detector operated at 33°C. Supernatant samples of 20 μL were injected, using a Water's 717 + autosampler, onto a Phenomenex Nucleosol (5U, 100 A) C18 HPLC column (150 × 4.60 mm). Biogenic amines were eluted with a mobile phase consisting of 89.5% 0.1 M TCA, 10 -2 M sodium acetate, 10 -4 M EDTA and 10.5% methanol (pH 3.8). Solvent is delivered at 0.8 mL/min using Water's 515 HPLC pump. Using this HPLC solvent, the following biogenic amines elute in the following order: noradrenaline, adrenaline, DOPAC, DA, 5-hydroxyindole acetic acid (5-HIAA), 5-hydroxytryptamine (5-HT) and 3-methoxytyramine (3-MT). HPLC control and data acquisition were managed by Water's Empower software.
Western blot analysis of Th protein expression
Immunoblotting, as performed in previous studies, 11, 12, 45 was used to quantify the amount of TH and LAAD proteins in the midbrain. After decapitation, the brains were dissected and the sections were homogenized in lysis buffer (Ambion, Austin, TX, USA). Protein concentration was determined using Bio-Rad protein reagent (Bio-Rad, Hercules, CA, USA). The proteins were precipitated by adding 100% methanol and centrifuged at 10,000 rpm for 10 minutes in a Sorvall refrigerated centrifuge. Then the supernatants were decanted and the precipitates washed with 90% methanol for 10 minutes. Proteins were dissolved in Lamelli sample buffer and transferred to nitrocellulose membrane. The 
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curcumin and an antioxidant formulation on MPTP toxicity membranes were blocked in 5% BSA for 1 hour. Membranes were incubated with primary rabbit TH (1:2,000, Chemicon International Inc., Temecula, CA, USA) and then exposed to the secondary antibody 1:10,000 (HRP conjugated antirabbit IgG, Sigma Chemical Co., Saint Louis, MO, USA) and visualized by chemiluminescence. All the experiments were repeated three times in different animals from the same group to confirm the results.
Statistical analysis
All data are reported as mean ± SEM and analyzed by one-way analysis of variance followed by Newman-Keuls test. P-values <0.05 were considered significant (PRISM, GraphPad Software, Inc., La Jolla, CA, USA).
Results
Postnatal effect of curcumin and antioxidants on locomotor activities in PBS and MPTP treated mice
The data show that the control animals move vigorously during the measurement period of 10 minutes. Each mouse travels about 750 cm distance, actively moving for about 50 seconds, which represents 1/12th of the observation time. However, stereotype movements, which are defined as nonlocomotion repetitive body movements, were prominent, since each mouse registers about 75 mixed locomotive and stereotype-like movements. Here, measures are reported mostly as percentages, which allow the real numbered changes in the figures to be easily assessed.
effects of MPTP
The study shows that MPTP treatments significantly decreased all the measures of movements when compared with the control (Figure 1 , column (C)1 vs C2). MPTP reduced the TD traveled to 32.0% of the control value ( Figure 1 , TD, C1 vs C2). The NM was reduced to 33.4% (Figure 1 , NM, C1 vs C2) and movement time (MT) was reduced to 46.4% (Figure 1 , MT, C2 vs C1) following MPTP.
effects of curcumin
Curcumin had an ameliorating effect on movements. For TD, the 25 mg/kg (1 mg/kg) dose level of curcumin partially reversed the effect of MPTP on TD from the 32.0% reduction caused by MPTP to 59.4% level of the control (Figure 1 , TD, C3 vs C1). The 50 μg/mouse (2 mg/kg) of curcumin restored TD and enhanced it to 136% of control (Figure 1 , TD, C3 vs C1). For the NM, the 25 mg/kg curcumin reversed the 33.4% reduction caused by MPTP to 61.8% of control (Figure 1 , NM, C2 vs C3). The 50 μg/mouse (2 mg/kg) of curcumin restored NM and enhanced it to 146.5% of control (Figure 1 , NM, C3 vs C1). For MT, the 25 mg/kg curcumin reversed the 46.4% reduction caused by MPTP to 71.1% of control (Figure 1 , MT, C2 vs C3). The 50 μg/mouse (2 mg/ kg) of curcumin restored MT and enhanced it to 156.6% of control (Figure 1 , MT, C3 vs C1).
effects of the aOF
The pre-and coadministration of the AOF with MPTP restored and enhances the reducing effects of MPTP on locomotor activities. For TD, the reduction of TD to 32% by MPTP was restored to 94.6% by 25 mg/kg AOF (Figure 1 , TD, C2 vs C5) and the 50 mg/kg formulation fully restores and enhances the TD to 142% of the control (Figure 1 , TD, C2 vs C6). For NM, the MPTP reduction of NM to 33.4% was restored and enhanced to 132.3% of the control by the 25 mg/kg of the AOF (Figure 1 , NM, C2 vs C5) and the 50 mg/ kg of AOF restored and enhanced the NM to 143% (Figure 1 , NM, C2 vs C6). MT was restored and enhanced from the MPTP reduction of 46.4% (Figure 1 , MT, C2) to 126% by the 25 mg/kg of AOF (Figure 1 , MT, C2 vs C5) and doubling the dosage of the AOF to 50 mg/kg further enhanced MT to 161.2% of control (Figure 1 , MT, C2 vs C6). Figure 2 shows that MPTP treatments significantly decreased DA to 46.4% (28.4 ± 3.4 ng/mg), compared with 58.4 ± 5.3 ng/mg (100%) for the PBS group (Figure 2 , DA, C2 vs C1). Figure 2 also shows that treatments with MPTP reduced DOPAC to 74.1% (51.2 ± 2.8 ng/mg) of the control value of 70.0 ± 3.86 ng/mg (Figure 2 , DOPAC, C2 vs C1). The methyl metabolite of DA, 3-MT, was also reduced to 37.6% (7.9 ± 0.7 ng/mg) by MPTP from the control value of 22.7 ± 2.0 ng/mg (Figure 2 Figure  2 , DA, C2 vs C3). Thus, the 1 mg/kg curcumin caused 40.9% gain over the MPTP-induced 46.4% reduction of DA. Treatment with 2 mg/kg of curcumin also restored DA to 50.4 ± 7.2 ng/kg or 84.8% of control (Figure 2 , DA, C4). DOPAC levels were not improved following treatment with 1 μg/ mouse (25 mg/kg) of curcumin, but slight increase of 11.5% occurred following the 2 mg/kg curcumin treatment. The 1 mg/kg dose of curcumin partially reversed the MPTP-induced reduction of 3-MT to 16.5 ± 2.5 ng/mg or 72.0% of the control (Figure 2 
Postnatal effect of curcumin and antioxidants on Da, DOPac and 3-MT in mice treated with MPTP vs PBS control effects of MPTP
effects of the aOF
The 25 mg/kg as well as the 50 mg/kg of the AOF fully restored the level of DA and enhanced it to 78.0 ± 6.3 ng/mg and 72.2 ± 6.8 ng/mg or 32.1% and 21.2% above the control (Figure 2 , DA, C2 vs C5 and C6). Interestingly, DOPAC was restored from 51.2 ± 2.3 ng/mg (74.1%) reduction caused by MPTP to 72.6 ± 2.2 ng/mg (103.5%) and 76.0 ± 6.3 ng/mg (108.2%) levels following the 25 and 50 mg/kg doses of AOF. As shown for DA, the 25 mg/kg and the 50 mg/kg of AOF fully restored and elevated the 3-MT level to 117.2% and 143.6% of the control value (Figure 2 
Postnatal effects of curcumin and antioxidants on Th expression in PBS and MPTP-treated mice
Striatal Th effects of MPTP Figure 3 shows that MPTP administration significantly decreased striatal TH expression to 42.9% of the PBS control level (Figure 3, C2 vs C1) . 
Midbrain (Sn) Th
effects of MPTP Figure 4 shows that MPTP administration significantly decreased the midbrain TH expression to 35.7% of the PBS control (Figure 4 , C2 vs C1). 
Discussion
The objective of the present study was to investigate the effects of curcumin and an AOF on MPTP-induced changes in the brain of C57BL/6J male mice. MPTP is known to produce models of PD, by causing NS dopaminergic neuronal degeneration, depletion of DA, loss of TH and reduction in motor activities, 12,45 so we analyzed most of these toxic features of MPTP in mice and determined whether curcumin and an AOF can ameliorate the toxic effects of MPTP. Curcumin belongs to a class of polyphenolic pigments found in the spice turmeric produced from the rhizomes of the plant Curcuma longa. Curcumin is well documented for its medicinal properties in the traditional Indian and Chinese systems of medicine. 46 The efficacy of curcumin may be provided by its antioxidant or its free-radical scavenger action that offers neuroprotection. Since oxidants and free radicals are believed to play important roles in the cause of neurodegeneration, including Alzheimer's disease (AD) and PD, it becomes very meaningful and relevant that several epidemiological studies described the reduced prevalence of AD and PD in India, [47] [48] [49] where about 60-200 mg of dietary curcumin is consumed daily. 47 Moreover, it was shown that those who consume turmeric or curry, that is produced from curcumin, occasionally, often or very often, scored significantly better on the Mini-mental State Examination than did those who never or rarely consumed curry. 50 The Mini-mental State Examination is an established measure of cognitive function.
The AOF utilized in this study contains vitamin A (natural beta carotene), vitamin E (d-alpha tocopheryl acetate and d-alpha tocopheryl succinate), vitamin C, N-acetylcysteine, R-alpha lipoic acid, coenzyme and selenomethionine. Although individual functions are associated with the vitamins, the formulation is promoted mostly for antioxidant properties. Accordingly, both curcumin and the formulation are projected to be antioxidants. Both dosages of the AOF utilized in this study show higher magnitude of effects than does curcumin, but it should be noted that the respective dosage of the antioxidants were about 25 times higher than curcumin.
The administration of MPTP in this study resulted in a marked reduction in the measures of motor activities that were examined. MPTP also depleted DA as well as the levels of the metabolites of DA, DOPAC and 3-MT, and MPTP correspondingly reduced TH in the striatum and the midbrain: noting that the striatum contains the terminals for DA neurons with cell bodies located in the SN, a region that contributes most of the TH found in the midbrain. Interestingly, all measures that we examined were down regulated by MPTP, and curcumin and the AOF reduced the toxic effects of MPTP or restored the changes caused by MPTP. The parallel changes caused by both curcumin and the AOF suggest that both have similar mechanism of action, and that curcumin may also serve as an antioxidant. Curcumin clearly showed dose-response effects; however, at the higher dose-level of curcumin, the changes in behaviors exceeded the control values (Figure 1 ), which suggests that curcumin by itself will enhance performance. The antioxidants may enhance performance, because the formulation does not merely reverses the toxic effects caused by MPTP, but it elevates TD, NM, MT as well as midbrain TH above the 100% control values. The patterns of the changes caused by both curcumin and the Notes: Bands are shown in (A) and the graphic quantification for the bands in (B) for the respective treatment groups c1, c2, c3, c4, c5 and c6. Treatment with MPTP reduced Th (c1 vs c2), cUR showed minimal increasing effect, but the aOF showed ameliorating effects on midbrain Th (c2 vs c5 and c6 
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curcumin and an antioxidant formulation on MPTP toxicity AOF indicate that both treatments may modulate the same pathway, which may entail modulating the expression of TH protein, the rate-limiting enzyme for DA biosynthesis. [51] [52] [53] [54] So, apparently, the increased TH drives the synthesis of DA that serves to modulate locomotor activity. Thus, curcumin and AOF may serve to protect against MPTP neurotoxicity by activating the dopaminergic pathway. It should be realized, though, that curcumin has been shown to modulate various other systems and pathways 32 and to affect multiple cellular targets. 32 For example, it has been shown that curcumin inhibits c-jun N-terminal kinase and prevents the loss of dopaminergic neurons. 55 Oxidative stress plays a major role in aging and in age-related neurodegenerative diseases, including PD, 56 which may explain the therapeutic or preventative role for antioxidants, such as curcumin and AOF. Moreover, epidemiological studies show that exposure to environmental agents, such as neurotoxins and pesticides, 57, 58 increase oxidative damage to cells, by suppressing mitochondrial complex-1 activity and reducing glutathione levels. 59 This suggests that early and long-term utility of curcumin may help to counteract the harmful effects of environmental toxins in causing PD-like changes, 45 and other human disorders. 32 Further studies are necessary to explore the effects of curcumin and the antioxidants on various targets in various animal models and, perhaps, in human neurodegenerative diseases. The data show that curcumin is protective, but it is not known whether curcumin will slow or stop the progression of PD after the symptoms are well developed, so further studies are necessary including treatment at various stages of the disorders, when substantial degeneration has already occurred. There is a global interest in finding new and safe agents to prevent oxidative stress related to neurodegeneration and a host of other disorders. Since curcumin is already widely used as food flavor and has been reported to be anti-inflammatory, 49 and to serve as an antioxidant, 32, 60 curcumin may be exploited as a neuroprotective and preventative agent for neurodegenerative disorders. This could be seen as very practical, since curcumin is well tolerated, 61,62 on the basis that dose levels as high as 12,000 mg of curcumin have been taken by human volunteers. 31 Future studies will examine the mechanism of action of curcumin and the vitamin AOF by measuring and studying various markers, including catalase, lipid peroxidation, protein carbonylation, dihydroethidium staining and superoxide dismutase.
Conclusion
The degeneration of SN dopaminergic neurons projecting to the striatum results in PD. DA replacement therapy represents the major treatment, but the toxic side effects of the major drugs used for PD can be severe and incapacitating, as much as the disease itself. There is no cure for PD and no intervention slows the progression of the disease. PD occurs during the adult years of life, about the age of 40 years for the genetic variant and 60-65 years for the idiopathic variant. This means that a window for preventing the disorder may exist. Accordingly, preventative therapy such as food, flavors, vitamins, other antioxidants and healthful lifestyle may be of value in blocking or slowing the onset of PD. Accordingly, presymptomatic interventions that may include curcumin and AOF may help to maintain the functionality of the basal ganglia neurons. This idea is of particular interest since age-related changes are proposed to be precipitating factors for PD 10 by pairing with early genetic and/or idiopathic sensitization or with predispositions. 10 This means that the age-related precipitating stage may be controllable and perhaps delayed by antioxidants and other neuroprotective agents. Positive lifestyle, including improved diets and access to health care, is known to markedly improve human health and increased longevity; accordingly, treatment-based interventions coupled with exercise and other wellness programs may delay neuronal death and the onset of PD. Indeed, this may offer the best hope, since in spite of enormous endeavors and excellent research, there is no curative treatment for PD.
